Abstract. This paper presents a serious trial to formulate a model for the whole Egyptian power system network which may be appropriate for academic as well as field research purposes. The model is based on the latest published data taken from the website and annual reports of the Egyptian Ministry of Electricity and Energy (EMEE) in addition to many other resources. This network provides more than 110 billion MWh and is growing steadily with a rate within 7 and 8 percent every year. It is an ideal exemplar for a very hybrid large scale system since it includes all the possible power system technologies. The Egyptian power stations include hydraulic, steam, gas, solar as well as wind farm plants. The next significant part of this paper is to simulate the presented model with one of the most recent computer packages. PSAT has been selected for such simulation since it is a free and open source package that suits complicated and large scale systems with minimum effort. Even if we take only those significant portions of the Egyptian grid, we'll get 731 states (57 buses and 46 synchronous machines in addition to the induction generators of the wind farm) to be simulated and monitored. PSAT as an open source code allows the designer to change the package kernel to lay down such sophisticated model. Other packages are too expensive if one demands versions able to simulate more than specific nodes other the number of nodes which are distributed with the commercial versions. Even so, these packages have prices ranging from $8000 (PSCAD) to $50000 (EDSA). On the other side PSAT is free and can be broadening by professional users to deal with any power system topology. Moreover, it has been found that PSAT application reduces a lot of time in setting up the power system topology and in preparing several additional files for the same case study if it is dealt with other packages.
Introduction
The Egyptian Electricity Holding Company (EEHC) has been reported a constant increase of demand on electric power. The peak load has been increased from 3306 MW in 1980/1981 to 17300 MW in 2005/2006[ Fig.1 ]. This has been countered with an increase of the generated power from 20 billion MWh to about 110 billion MWh in the same period [1] [2] [3] . Different projects of power stations, substations, and transmission lines besides upgrading the existing projects have been carried out. Moreover, other projects like the exchange of energy with neighbouring countries through electrical interconnection have been performed.
The electricity network in Egypt has developed into a complex interconnected system referred to as the Unified Power System (UPS) serving all major load centres in the country. In its effort to meet the electrical requirements of areas not being served through the UPS, the Government has constructed many medium and small size gas turbine and diesel generating plants in most of the isolated areas. The UPS includes 30 power stations which incorporate hydraulic, steam, gas, solar as well as wind farm plants.
Unfortunately, a complete model for such a power system which includes about 186 synchronous machines in addition to hundreds of power transformers, buses, and thousands kilometres of transmission lines is not available until now. The purpose of this paper is to provide such a model which may be very helpful for academic as well as field research purposes. In order to achieve this, different resources has been checked. Beside the last three reports of EEHC, an enormous effort has been spent to find exact data for specific power stations, generator loads, power factors, as well as data for transformers and transmission lines. The EEHC reports just focus on statistical numbers that only valid for medial purposes. Accordingly, this papers covers the obvious lake of the useful technical information in these reports. The next significant part of this paper is to simulate the presented model with one of the most recent computer packages. PSAT has been selected for such simulation since it is a free and open source package that suits complicated and large scale systems with minimum effort. Even if we take only those significant portions of the Egyptian grid, we'll get 731 states (46 buses and 34 synchronous machines in addition to the induction generators of the wind farm) to be simulated and monitored.
Peak Load Curve 2004/2005-2005l2006 (The available report is only available in Arabic)
PSAT as an open source code allows the designer to change the package kernel to lay down such sophisticated model. Other packages are too expensive if one demands versions able to simulate more than specific nodes other the number of nodes which are distributed with the commercial versions. Even so, these packages have prices ranging from $8000 (PSCAD) to $50000 (EDSA). On the other side PSAT is free and can be broadening by professional users to deal with any power system topology. Moreover, it has been found that PSAT application reduces a lot of time in setting up the power system topology and in preparing several additional files for the same case study if it is dealt with other packages.
The Egyptian UPS Model
This paper tries to formulate a model for the Egyptian unified power system which may be appropriate for academic as well as field research purposes. The planed strategy to get all the required technical data for such a whole system was divided into these basic topics:
(1) The starting point in this long way toward achieving this goal was the electrical map of Egypt [4] . Figure 2 illustrates such map which is taken from the official web site of the ministry of electricity and energy www.moee. 
are taken from the standard tables according to the machine type and rating. Those tables may be found at any of the power system references or the IEEE publications [5, 6] . (3) The load at different buses is taken from many references, for example some of the loads of significant stations are taken from reference [7] .
In this reference only these data are given in The rest of loads is either taken from other resources or assumed relative to the plant installed capacity if no data is available. 
The Open Source Simulation Tool
Many powerful software packages are available for analyses of power system stability. Some of them are fully developed commercial tools, while others are open source programs. PSAT, a freely distributed Matlab-based power system analysis program developed by Dr. Federico Milano [8] [9] [10] , stands out among those open source programs for its relatively complete functionality. It includes principal code routines for power flow, continuation power flow, optimal power flow, small-signal stability analysis, and time-domain simulation. The core of PSAT is the power flow routine, which also takes care of state variable initialization. Once the power flow has been solved, further static and/or dynamic analysis can be performed through the following additional routines: To fulfil these analyses, PSAT supports a variety of static and dynamic models. For example, in a static analysis, a synchronous generator can be modeled as a slack bus or a PV bus; however, in a dynamic analysis, options of the synchronous generator model with a dynamic order varying from 2 to 8 are provided. However, PSAT supports several static and dynamic models, including non-conventional loads, induction machines, regulators, and FACTS. PSAT is also provided with a complete set of userfriendly graphical interfaces and a Simulink-based editor of one-line network diagrams [8] [9] [10] . Basic features, algorithms, and a variety of case studies have been presented previously by the author [11, 12] . This has illustrated the capabilities of PSAT and its suitability for educational as well as research purposes. These characteristics make PSAT attractive to be selected for the work presented in this paper. During the research, all concerned PSAT codes have been carefully investigated. Some small errors have been fixed and some models have been developed to adapt the proposed UPS model in this paper. Table 2 has a summary of the total unites and the corresponding generated power of the Egyptian UPS. In this paper a considerable portion of UPS will be modeled for simulation with PSAT (The marked stations of table 2). This portion constitutes all the power systems that exist in Cairo, Upper Egypt beside some stations in Suez and the Zafarana wind farm. The proposed sample model for UPS simulation includes the most strategic 12 stations which includes more than 46 synchronous generators plus the 122 units that figure the wind farm. It is important to state the power system under consideration is a heavily loaded power system as it contains the most important industrial loads such as Naga-Hammady Aluminum factory, Ferrosilicon, Kima, and cement factories in addition to the heaviest domestic load of Cairo.. This sample model is illustrated in figure 3 which also contain the power transformers, and the different high voltage transmissions circuits with all the machine, transformer, and load buses. Models and data for the steam, gas, and hydraulic power stations are taken as explained in the previous section, while those for the wind farm are taken from references [13] [14] [15] [16] . However PSAT is advantageous in this concern since it provides the base model for wind turbines which can be modified to represent the 122 units of Zafarana. Depending on the degree of the 46 synchronous machines models, one can get an overall order not less than 731 state variables. It is not an easy task to represent such a model and it has been proved that some packages may fail to simulate it. 
The Simulated UPS Model

Simulation Results
The most tedious effort in this paper concerns the building step of the UPS model in the open source environment. First the all the components of the UPS topology should be drawn in the PSAT environment corresponding to the electricity map of Fig. 2 . Then the data should be exactly typed in tens of dialogue boxes related to every component. Finally, the overall system should be exposed to a test run for steady state (without any type of faults). If the system topology has been built correctly with exact data, the steady state simulation will assure such step with constant values for all the system states (e.g. all omegas should be steady at the "one" per unit value). If not, one should review all the typed data and correct the errors. The next step is to test the UPS in case of fault. The fault location should be selected in a bus with the most connection. In this paper the system is exposed to three phase fault at Shubra El-Khaima power station for 6 cycles period. This fault has influenced the overall UPS states. For example Fig. 4 shows the speed oscillations for 5 generators at 5 different stations. It is clear that the fault influence the speed oscillations with different degrees. Some generators may have light fluctuations while others may have undecayed oscillations. In this paper it is not intended to analyse the simulation results, since the results are expected and coincide with the logic in this aspect. It is just intended to model the overall UPS and to apply the new package to ensure that the model is correctly formulated. Results of Fig. 3 have proved that the model is correct, and this represents an essential goal of this paper. Figure 5 show the e.m.f. results of some generators, also, at different power plants. The results also start from pre-fault steady state values, then the generators e.m.f's will fluctuate as a response to the fault. However, figures 6, 7 show the active and reactive power oscillations at different buses. It is obvious that the active and reactive power oscillations will be worst at the faulty bus (Bus 1), while the oscillations may be minimal at rear buses such as bus 46 which corresponds to the Etaqa power plant. These results coincide with the practical experience of UPS. The Author of this paper has proved in a previous publication [17] that the Shubra El-Khaima region is one of the most dominant UPS sectors which have experienced SSR-like failure two times around the middle of the previous decade especially in the region containing the system shown in Fig.8 . An interesting novel point in this simulation is the division regarding the wind power farm of AlZafarana. For the first time, this paper presents modeling and simulation of this division as a part of the overall UPS. In PSAT, three categories of wind turbines are included: constant speed wind turbine with squirrel cage induction generator, variable speed wind turbine with doubly fed (wound rotor) induction generator and variable speed wind turbine with direct drive synchronous generator.
Details of the models are omitted for the sake of paper reduction. However, in this paper the 220 wind units of Al-Zafarana have been modeled with the second category which is illustrated in Fig. 9 . Also this coincides with the technical data of AlZafarana projects. Among the plenty of results in this context, only a Comparison between speed variations of synchronous generators (Here one of the West Suez-Gulf generators ) and one of the wind turbine with doubly fed induction generator of Al-Zafarana for the same fault is shown in Fig.  10 .
Conclusions:
The paper has presented a trial to formulate a model for the whole Egyptian power system network. The model is based on the latest published data which has been reported for the UPS. The model includes all the different power system technologies such as hydraulic, steam, gas, solar as well as wind farm plants. In the next part of this paper the presented model has been simulated with one of the most recent computer packages. A very recent open source code package has been selected for such simulation since it is free and user friendly. This package has proved its convenience to be applied for very complicated large scale systems with minimum effort. For example if we take only those significant portions of the Egyptian grid, we'll get 731 states (57 buses and 46 synchronous machines in addition to the induction generators of the wind farm) to be simulated and monitored. This PSAT Package has been applied for such complicated system without any failure or instability in simulation. Moreover, it has been found that PSAT application reduces a lot of time in setting up the power system topology and in preparing several additional files for the same case study if it is dealt with other packages. Simulation results obtained in this paper coincide with the published results that have been reported by EEHC.
